Ten field-dependent and 10 field-independent Ss received an I.V. injection of insulin or saline. Free fatty acid (FFA), blood glucose, and urinary catecholamines were determined regularly. FFA levels were higher in the field-dependent controls with saline than in field-independent Ss. Fat mobilization patterns of field-dependent Ss showed greater variability both after insulin and saline, and their veins were significantly more prone to spasm. FFA levels dropped more abruptly and to a narrower range after insulin in the field-independent group. There were no significant differences in the catecholamine and blood glucose findings. We wish to thank our many co-workers for their assistance, our colleagues in the Psychophysiology Laboratory of the Department of Psychiatry for their advice and guidance, and Dr. Ralph Hernandez of the Veterans Administration Hospital for his help.
of fat mobilization, and an established difference in perception. The studies are intended to demonstrate that a significant difference in fat mobilization occurs between individuals who are separated by their performances of the perceptual task involved in the Rod-and-Frame Test.
Fat mobilization as a function of central nervous system activity has been recognized and studied for more than half a century. Recently there has been a revival of interest, and reports from several groups of investigators indicate that the mobilization of free fatty acids (FFA) in humans and animals involves autonomic nervous system and neurohumoral mechanisms. Fat mobilization as a physiologic process has been considered important for 2 reasons: (1) Fatty acids provide the major source of energy substrate for muscle metabolism; they are the major source of fuel for 245 muscular activity; (2) The process of fat mobilization is exquisitely sensitive to neurohumoral and autonomic influences. The mobilization of FFA is a very rapid process. When adipose tissue is not actively storing FFA and making depot triglyceride (during feeding), changes in the level of plasma FFA may be considered to be a reflection of the process of fat mobilization.
Dole, 1 and Gordon and Cherkes, 2 have described a consistent fall in FFA after injection of insulin or glucose and have noted a relationship between FFA concentrations and glucose metabolism. Because of the elevations of FFA in patients with uncontrolled diabetes, Bierman et al* propose that FFA concentrations vary inversely with glucose utilization rather than directly with glucose concentration, and note that labeled-FFA studies indicate that insulin affects the mobilization of FFA but not its utilization.
Mueller* has reported the effect of insulin stimulation on the FFA concentration in the plasma of chronic schizophrenics. A strong tendency for FFA levels to rise, or not to decrease, after insulin, was noted among schizophrenics, as compared with normal Ss. At the same time, both groups had a drop in blood glucose levels after insulin. Shafrir et al. 5 have demonstrated that levels of epinephrine sufficient to abolish the hypoglycemic response to insulin in dogs do not completely aboh'sh the fall in FFA concentration which accompanies it, also indicating that the FFA responses to insulin and the hypoglycemic responses are not affected by identical mechanisms.
One of the authors (M.D.B.) and coworkers"- 8 demonstrated rises in FFA levels in man during psychologically stressful situations. These rises did not appear to be related to specific affects. It was also demonstrated that the administration of an autonomic ganglionic blocking agent reduces the level of FFA in resting Ss and modifies the FFA response accompanying a threatening stimulus, although the threat is still perceived as threatening and its accompanying affect of anxiety or anger is felt.
The work of Sidman and Fawcett," Toklt, 1 " Hausberger, 11 and Beznak and Hasch/-also implicates the central nervous system (CNS), and in particular, the autonomic nervous system, in the mobilization of fat from adipose tissue. The mechanisms involved in normal fat mobilization in the aroused state require an intact sympathetic nervous supply to adipose tissue.
In sensory deprivation studies, one of the authors (A.J.S.) and co-workers J3 demonstrated different GSR and EEG responses in field-dependent as compared with field-independent Ss, confirming their original hypothesis that individuals who are field-dependent would be more aroused under situations of uncertainty where "field cues" were minimized or lacking. "Field-independent" and "field-dependent" refer to two extreme groups described by Witkin et al., 1 * and differentiated by their performance on the Rod and Frame Test (see Methods below).
In view of the previously noted differential responses in an environment of high uncertainty and low sensory input, it was questioned whether these differences reflected specific environmental conditions or represented a more pervasive, but substantially different, psychophysiological response tendency. It was speculated that these differences might be associated with differing central states in the two groups. Therefore it was decided to administer a CNS stimulus to both groups, under conditions of moderate and constant sensory input, in an experiment also characterized by its lack of uncertainty for the Ss.
The CNS stimulus chosen was insulininduced hypoglycemia and its concomitant autonomic discharge. Gellhorn 16 feels that the occurrence of a sympathetico-adrenal discharge in hypoglycemia has been well established and at-tributes it to the stimulation of the posterior hypothalamus.
Patterns of FFA mobilization, blood glucose, and urinary catecholamine data are presented before and after insulininduced hypoglycemia or saline infusion in 10 field-independent and 10 field-dependent Ss.
Methods
Twenty healthy, male, unversity students with an age distribution of 19-28 were studied (mean age, 24.2). All were in known good health and none was obese. Half were field-independent and half were field-dependent, judged by their performance on the Rod and Frame Test.
14 Briefly, the test involves the task of righting to a vertical position a luminous rod tilted from gravitational vertical. The task is performed in the dark, and is compounded by surrounding the rod with a luminous square frame, which is also tilted. The rod is moved within the fixed tilted frame. After 12 trials, average deviations from vertical are calculated. Ss who placed the rod within 3° of vertical were considered field-independent in this experiment. Those whose deviations of the rod from vertical averaged more than 6° were considered fielddependent.
All experiments were performed in the morning after an overnight fast. An attempt was made from the first communications with the Ss to keep uncertainty at a minimum. Ss arrived shortly before 8:00 A.M., and the experiment lasted about 6 hr. The test room was a well-lighted, sound-attenuated room. To screen outside noises and provide a relatively constant sensory input, quiet "reading room" music played throughout the experiment. Magazines chosen for their relatively neutral content were available. The S was seated in a comfortable armchair throughout the experiment with a blood pressure cuff, respirometer, GSR electrodes, and a finger plethysmograph attached.
An explanation of the experimental procedure and instructions were read to all the Si thetized, and none of the Ss acknowledged any pain during the procedure. The S was then left alone in the room. Blood pressure, GSR, plethysmographic and respiratory activity were recorded on a polygraph (Grass-5). After a '2-hr, resting period, the first 3 blood samples were drawn at 10-min. intervals. Each S then received either insulin or saline, intravenously. The amount of glucagon-free insulin used was determined by weight (0.1 U./kg. of body weight) and led to glucose levels of 60 mg.% or less, in all Ss. Twelve postinjection samples were drawn over the next 3 hr. at regular intervals. Any difficulty in drawing blood was noted with each sample obtained. Each S collected an 8-hr, overnight urine for catecholamine determination. On the morning of the experiment, an additional urine sample was collected when the S arrived, and 1 hr. later. Postinjection samples were obtained 1M hr. and 3 hr. after injection of insulin or saline.
The investigator was not aware of whether the Ss received insulin or saline, nor was he aware of the S's perceptual mode. Three hours after the injection, the recording equipment and needle were removed and the S was given something to eat, and interviewed. The hour-long interview was tape-recorded. It was semidirective in nature, consisting mainly of open-ended questions.
Blood specimens for FFA and glucose determination were drawn into and stored in heparinized, chilled syringes which were kept refrigerated. FFA and glucose analyses were begun shortly after the blood samples were drawn. FFA was determined by the method of Dole, as modified for the removal of lactic acid, which has been described in detail elsewhere. 16 Glucose levels were determined by the Nelson modification of Somogyi's method. 17 Determinations of urinary adrenalin and noradrenalin were done by the fluorometric method, using the Du Toit modification of the Floding-Von Euler technique.
18

Results
FFA Response to Saline
The FFA levels of the 5 field-independent Ss who received saline are de-scribed graphically in Fig. 1 . It demonstrates the gradual, slow increase of fatty acids previously seen in fasting, non -exercising Ss. 10 The FFA levels of the 5 field-dependent Ss who received saline are described graphically in Fig. 2 . These Ss demonstrate greater variability in FFA levels than the field-independent group. In the saline condition, the variance of the FFA values throughout the experiment for the field-dependent group was significantly greater (F = 3.664, p < .001) than that of the field-independent group.
The levels of FFA throughout the experiment (i.e., total mean levels) are sig- nificantly higher in the field-dependent group than in the field-independent group (t = 4.23;p < .001).
One field-dependent S (P.C.) does not seem to fit his group. Despite the wider variability of the group as a whole, it is clear that there is something quite different about the direction of the FFA levels of this S over time. These levels do not reveal the increase over time previously seen in the fasting, non-exercising S in this laboratory. His glucose levels were also above most of those of fasting Ss in the laboratory. In spite of the obvious similarity of his record to that of a S who had eaten, the S denied having 
FFA Response to Insulin
The FFA levels of the 5 field-independent Ss who received insulin are rep- resented in Fig. 3 . There is an abrupt fall in FFA 20 min. after the injection of insulin, I.V., and little intersubject variability in the early response to insulin stimulation occurs. This abrupt fall after insulin is followed by a prompt return to resting levels in all Ss. FFA for 2 of the Ss continues to rise sharply to levels considerably higher than resting levels, while for the remaining 3 Ss, it increases more gradually.
The FFA levels of the 5 field-dependent Ss who received insulin are demonstrated graphically in Fig. 4 . In contrast to the field-independent group, there is a greater spread of the FFA levels at 20 min. and 30 min. postinsulin. The variability at 20 min. is significantly greater than that of the field-independent group (F = 12.74; p < .05), but not at 30 min.
(F = 4.72).
The decreases in the FFA levels of the field-dependent Ss after insulin are neither as great nor as prompt as those of the field-independent group. The mean drop in FFA levels from 10 to 20 min. after insulin of the field-dependent Ss is 44 /nmole/L., which is significantly less than the mean drop of 160.8 /xmole/L. in fieldindependent Ss (t = 2.90; p < .05). Figure 5 summarizes the blood glucose levels during the experiment. From each sample drawn for FFA, a blood glucose level was also determined. An analysis of variance of the glucose findings suggests little (if any) difference between field-independent and field-dependent glucose response to insulin or saline. Although the peak hypoglycemic response among field-independent Ss is deeper and seems to return more promptly from hypoglycemic levels, this finding is not statistically significant. There is, moreover, little difference in the length of time it takes for the insubn to take effect in the two groups of Ss. 
Blood Glucose Responses
Catecholamine Findings
In Table 1 Period 4 demonstrates the expected adrenaline response to insulin of 4.36 jag./hr. in the field-dependent group, and 3.18 /ug./hr. in the field-independent group. Three hours after insulin, the levels in all Ss were still elevated. The two control groups parallel the insulin group until the period following injection. Table 2 summarizes the noradrenaline levels of the same Ss. No clearcut elevations are demonstrated. There is a slight rise in noradrenaline level after insulin to 2.4 ju-g./hr. in the field-dependent group, and to 1.9 jug./hr. in the field-independent group.
In summary, elevations in catechola- mines were seen after insulin stimulation. The elevations were more marked in the adrenaline levels than in the noradrenaline levels. The levels of catecholamines which were reached in the period immediately after insulin were somewhat higher in the field-dependent Ss than in the field-independent Ss. An analysis of variance revealed that none of the differences between perceptual groups were significant.
Since one of the possible reasons for a different FFA response to insulin may have been differences in catecholamine levels, a rank-order correlation (Spearman) was performed between combined catecholamine levels at 90 min. after insulin and the drop of FFA 20-30 min. after insulin, and between combined catecholamine levels and peak FFA levels. These were not significant.
Venous Tone Differences
During the experiment, variability in the difficulty of drawing the blood samples was noted. "Difficulty" was reflected in the time it took to draw a single sample from the indwelling Cournand needle. This varied within Ss from less than 20 sec. to as long as 5 min., even when a blood pressure cuff was used for VOL. XXVII, NO. 3, |?65 a tourniquet. Difficulty was rated on a scale from "no difficulty" to "marked difficulty" (no sample obtained). No difficulty was defined as a lack of resistance to the drawing of the blood without a tourniquet and corresponded to a drawing time of 10-20 sec. By observation of the Ss' arms during the experiment, it was apparent that difficulty correlated directly with venous constriction and no difficulty was encountered when the veins of the hands and arms of the S appeared prominent.
Difficulty and no difficulty in drawing the blood samples were correlated with field-independence and field-dependence. The results are illustrated in Table  3 . Difficulty in drawing the samples was rated on the 294 samples of blood drawn after injection. Observations on 27 Ss are included. These include the 20 Ss whose FFA data is reported above, plus 5 Ss who have been studied subsequent to the original 20, and 2 Ss who were restudied because their blood samples were of insufficient quantity for FFA determinations the first time. Their FFA data were not included since the conditions of the experiment were not believed to be exactly the same as those of the original group. Of these 27, 15 were field-dependent and 12, field-independent. Of the field-dependent Ss, 7 received insulin while 5 received saline.
Of the blood samples drawn from field-dependent Ss, 69% were drawn with difficulty, while 64% of those drawn from field-independent Ss were done without difficulty.
If we separate the samples drawn after insulin from those drawn after saline, and again correlate difficulty drawing the blood samples with field-dependency and field-independency of the Ss, we see that after insulin the tendency toward difficulty drawing blood is increased in both groups, but more strongly in the field-dependent group. Difficulty increases from 69 to 78% in the field-dependent group, and from 32 to 36% in the field-independent group. There is a general trend toward difficulty in drawing blood after insulin which is stronger among field-dependent Ss. It is not clear whether this is the result of venospasm or peripheral vasoconstriction distal to the needle, or a combination of these 2 factors.
Discussion
The higher FFA levels in the field-dependent Ss after saline alone might be explained by a higher level of sympathetic activity of the autonomic nervous system. Their FFA levels suggest that field-dependent Ss seem to be more "aroused" in this experimental situation which has been controlled for a relatively constant and moderate sensory input, with only physical and social activity restricted. The greater inter-and intrasubject variability seen in the fat mobilization patterns of the field-dependent Ss may be the result of different kinds of central nervous system reactivity seen in these two kinds of people.
Further study of resting FFA levels of field-dependent and field-independent Ss as well as middle Ss is indicated. If consistently high circulating FFA is demonstrated in field-dependent Ss at rest, it would have important implications in that the incidence of arteriosclerosis might be higher in these people. Studies of cholesterol and triglyceride levels are also indicating by this finding, and would be of clinical importance.
The fact that FFA levels do not drop as abruptly after insulin among the fielddependent Ss suggests that more anti-insulin factors are operating in this group. These factors may include higher catecholamine levels, the previously mentioned higher levels of sympathetic activity, and unknown anti-insulin factors, as well.
The fact that there is no correlation between catecholamine levels and FFA response, is in itself interesting. There may, indeed, be no correlation between FFA response and circulating adrenalin and noradrenalin levels. On the other hand, a relationship could still exist and not be picked up by our present urine assay techniques. If an adequate blood plasma determination were available, a relationship with FFA response might be demonstrated or definitely excluded as a possibility. With present methods, no definite conclusions can be made.
When insulin was given to the fieldindependent group, 2 patterns of postinsulin response were seen. The 2 Ss demonstrating an immediate FFA rebound to levels high above pre-insulin levels suggest that the experience of insulin shock was particularly arousing to these Ss. They may have perceived the internal discharge as threatening or alarming. The interview material substantiates this hypothesis to some extent. One of these Ss (H.S.) reacted dramatically to the placing of the needle in his vein. At that time, he fainted, and during the period of hypoglycemia became faint although he did not become unconscious. In contrast to most Ss, he stated, "I was uncomfortable, I guess, most all of the time. It started off on a sour note. I wasn't far from being sick, lots of times."
The focus of his concern was the needle. Oftentimes he tried to direct his thoughts away from the needle. When asked whether it was the placing of the needle in his arm, he stated, "No, just the needle . . . just that it was in there. But I've had that trouble for a long time." He explained further that his aversion to needles had been present since childhood, and that over the years he felt that he had conditioned himself, so that "Just one shot and I'm all right, but if it takes any more hunting around, I get nauseated and feel faint and dizzy."
The other field-independent S whose FFA levels rebounded after insulin (P.S.) did not react to the needle. It was inserted easily, as it was with H.S., but P.S. had no untoward reaction. He read throughout most of the experiment and was not ill at any point. Although he did acknowledge that his body felt strange during the hypoglycemic period, he stated explicitly it was not at all a frightening experience. Although these 2 Ss differed in their reactions to the needle and the experiment as a whole, they both complained of severe headache during the last hour of the experiment and acknowledged severe boredom and an anxiousness to get the experiment over. Although most Ss in this experiment expressed feelings of boredom during the last third of the experiment, headache was uncommon. In the case of H.S., the headache became very severe during the postrun interview and was associated with nausea. He grew pale, excused himself, and vomited, with some relief of the headache. He also described having had similar headaches associated with nausea and vomiting, which seemed a type of migraine. The other S's headache, on the other hand, was mild and not associated with nausea and vomiting. The fact that all field-independent Ss do not react in this manner does not strengthen the hypothesis that field-independent Ss are threatened by this biological insult.
The observations of the behavior of the veins of these Ss would seem of practical clinical import, as well as important to experimenters conducting venous VOL. XXVII, NO. 3, 1965 catheterization studies and studies similar to this one. Two field-dependent Ss (not included in this series) had to be retested because the Cournand needle appeared blocked. In both cases, the needle appeared to be in the vein by inspection, and we now conclude that the apparent blocking of the needle was due to spasm and vasoconstriction rather than to the needle having come out of the vein. Both of these Ss on restudy, demonstrated highly reactive veins which tended to go into spasm, although the larger antecubital veins were used. No such difficulty was experienced among the 10 field-independent Ss, and no studies of field-independent Ss had to be rerun because of persistent inability to get blood samples. One of these two field-dependent Ss has been an experimental S in more than 10 experiments about this medical center. Some of these procedures involved venous catheterizations of one kind or another. No less than 2 of these (in addition to our own) had to be discontinued because of "spasm" of the veins at the time of the experiment, and were repeated at a later date.
Our findings suggest that the peripheral venous bed in field-dependent Ss may be more constricted than in fieldindependent Ss, and that the veins of field-dependent Ss are significantly more prone to spasm in this setting. Whether the spasm is due to neural, humoral, or mechanical causes is not clear from this preliminary study. It was observed that difficulty in drawing blood was associated with evidence of generalized venous spasm.
Differences in FFA responses after I.V. injection of insulin may be caused in part by the venous spasm, which could conceivably pool the insulin after injection and prolong and blunt the insulin effect as well as delay it. This may not be consistent with our usual clinical thinking. As clinicians, we tend to regard any drug introduced into a vein as distributed immediately to the body through the circulation, although we are aware that a drug administered intramuscularly may be slowed in its action by decreased peripheral circulation, as in the case of shock. It should be remembered, however, that in clinical medicine, whenever we administer a substance intravenously, e.g., noradrenalin in shock, glucose in insulin coma, or decholin in tests of circulation time, the drug is either washed into the circulation by an I.V. drip or given in sufficient quantity to fill the peripheral vein and to overflow into the larger veins. Recent findings in cardiac catheterization laboratories 20 are of interest in this regard. X-ray evidence of considerable pooling of radiopaque materials, such as Telepaque,* has been demonstrated in the shoulder veins of patients, minutes after an injection through an antecubital vein. This delaying of materials in the veins must be considered in circulation studies.
To demonstrate this fact, we introduced 2 cc. of Telepaque into a vein of the hand of a reclining S. Serial X-rays were taken at 0, 20, and 40 sec. At 40 sec, most of the material was still in the upper arm, although some had begun to flow into the vena cava. Although Telepaque is denser than blood, this demon- strates that the speed of flow through a vein is influenced by venous flow, which is controlled by venous tone and peripheral vasoconstriction. At 20 sec the material had reached the shoulder but was not yet into the vena cava.
Perhaps related to this point is the fact that the ease of drawing blood* is strongly correlated with the extent of the FFA drop from 10 to 20 min. after insulin (Table 4) . This finding alone is not sufficient evidence of different transport rates of insulin, and from the blood glucose data there is no further evidence to support a differential time effect between field-dependent and field-independent Ss.
Since the venous circulation differences constitute relatively subjective findings, further experiments involving more objective observations of venous tension and circulation time in field-dependent and field-independent Ss are planned.
The greater variability in the patterns of the field-dependent Ss raises the question of whether feed-back mechanisms such as increased movement and muscle tone are operating in these Ss. Over 60% of the venous samples drawn from field-*Ease of drawing blood is defined as the proportion of the first 5 blood samples drawn without difficulty; .60 indicates that 3 of the first 5 samples were drawn without difficulty.
dependent Ss were done with difficulty. The greater amount of time in general taken to draw blood from the field-dependent Ss may also be partially responsible for the FFA differences. This greater amount of time and difficulty could have led in these Ss, by psychological feedback mechanisms, to greater levels of CNS and sympathetic activation and momentary mobilization of FFA, conditions which could account for the maintenance of FFA levels despite an insulin injection We intend to pursue this problem in greater detail.
Summary
In this preliminary study of 20 male university students (10 field-independent and 10 field-dependent) in an experimental situation of low uncertainty and moderate sensory input, in which % of each group received insulin and % saline, results indicate that:
1. Higher FFA levels occurred in field-dependent Ss with saline injection.
2. There is greater variability in the over-all patterns of field-dependent Ss after insulin and saline.
3. The FFA levels drop more abruptly after insulin in the field-independent group, and to a narrower range.
4. No significant differences in urinary catecholamine levels and blood glucose levels after insulin were demonstrated in the 2 perceptual groups.
5. The veins of field-dependent Ss are more prone to spasm than those of fieldindependent Ss.
6. The spasm of the veins observed may slow the circulation of the I.V. insulin and serve to delay and blunt the FFA drop.
It is concluded that there is an interaction between physiological processes, reflected in fat mobilization and venous tone, and differences in perception.
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